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ABST RAC T
T he a ctivities ofthe plants aHe ct o n n ot o nlytheglobal budget of carbo ndio xide via
･ photo synthe sisproc e sse , butalso the w ater a nd he attran sferfro mthe vegetateds urfa ce
into the atm ospher evia tr an spira:tio npro ce ss es･ T hu s, m o nitoringthe s e as o Tlalactivitie s
of v e
,
getatio n (phen ology)is importantl ln this purpo s e; satellite rem ote s e n sing,
e spe clauy OPticalse n s o rs, l S essentialto s olv eabove. Ho w e v er, V alidation sites ofr em ote
se n sirLg algo rithm sfor v ariabilb, ofthe s urfa ce statu shav ebe enlimited. 1n this article,
w epropo s edtht a simpl¢ a nd che ap syste mto m o nitorthe surfac e status u slng S ev er al
r adio meters･ 1n this m ethod, an albedometer a nd tw oPhoto synthesis Active Radiatio n
(PA R: 400-700n m)se n sors a re u s ed. In c o ming and o utgoing sho rt, w a v e r adition
(appro xim ately 30014000n m) c a nbe･ divided into PA Rw a v el ngth and the othe r
w a v el zlgthsI We a ss um ed tha[differencc inradiatio n食om the s u n a nd in･PA Rr o ughly
pret811ds as n 軸 r-infra red w av e
-
s radiatio n. Fr o m thesesets, w e ca n estim ates the
r efle cta n c eofPA Rw ave(visible)a nd that ofn e ar･in舟a red and v egetatio nindic es(e.g. ,
No r m alized Di 触re n ceVegetatio nInde x PD Vr], Simple RB[tio[S R]). We irlStal】thes e
systern sinto.fo urtypical land c o ver in Japa n. Re s ults fro m this syste m c an be
s u m m arized as follo w s:1). This syste m to m o nito rthe v egetatio n 血 tu sge n er ally
pe rfo r m ed w ellin e ach landc o v e r. 2). Ho w ev er, c o niferfo rest w as n ot exi)res sed w ellthe
status ofv egetatio rl, be c a us e of l w refle cta n c ein bothvisible and ne ar-infrared, and 3).
1nte ra n n u al v a riatio n sin N D VIa nd S Rw e refo u nd
,
ho w e v er s en s o r's abs olute v alu e
che cks were n e edtodis c u ssinter arln u alphe n o m en aderiv ed &o mthis syste m.
Introdu ctio n
The activities ofthe plants affect oll not O nly the
global budget of c arbo n dio xide via photosynthesis
pro cess es, but als othe w ater and heat tra nsfbr 丘o mthe
vegetated s urfac einto the atm osphere via tra nspiratio n
pro ce ss es. ThJS, tO m Onitorthe activities ofv egetatio n,
s o- calledphe n ologylSimportant. 1n th ispurpose, r e m ote
se n slng, especially opticals en sors, is ess entialto solve
abo ve andto e xpa nd the kn o wledge atpatch sc ale into
regio nalorglob alL For ex a mple, detectingthe o nset and
offset of pheTIOlogy(c orrespo nding ope nlea ves and
fallen le a ves, r espectiv ely) 臥) m mllti･temporal or
interan nu aloptica一re m ote s en slng data w ere c 町ried o ut
in c o ntin e ntals c ale(e.g. , W hite et a[., 1997)a ndregio n al
?c aJe(e ･g･ ･ Ha shjm oto e(a[. I 200 I)･ Furthern ore･ s e v e r al
In v e stigators polnted o ut the relatio nship betw e enthe
se v eral y egetatiorlindices which calculated 色
.
o m the
c o mbin atio n of s urface renectan ce of visible a nd
ne ar-in 缶ared (N IR), and the late nt heat flux es(e･g･,
Seuers, 1985; Ver m a et al., 1993; Higu chia nd Ko ndoh,
2000; Ko ndoh and Higuchi, 2 0 1). Se v er al oper ation al
s atellites(e･g. , A V 正札 T M) and n e wgeneratio n se ns ors
(e.i. , M O DIS, G LI)are and wi ll bein operatio n, 5 0the
iqc 糊 5e Of operation al s atellites w o uld m ake the
if噂 卿 C6 Of lo ng-te r m E
l
m sE
'
tu m e a s u r e m e nt sitesfわr
v ali戯 ◎n of algorithm s rise up. Ho w e ver, v alidatio n
sites 触 variability ofthe s urfac e status w er elimited.
Roc ently, s e v e r alactivitesforlo ng-te r m m o nitoringthe
5 urfhcegu x esin clllding carbo ndio xide hav ebee nris e
upin c oTItin entalor region alsc ale(e.g. , A m e ri-FIu x net,
As ianFlux n et
,
G A M E- AA N), butit w otl)dbelo oked
likethat the poillt Of view m orlito ringthe s urfac e status
ofv egetation w aslacked inthese activites.
Usu ally, ill Situ meas ure m ents of spe ctral
char acteristics ofv egetatio n areby so m e spe ctr o m et rs
(e,g. , Field Spec
R
)or a video cam e r a which c a n m e as ure
the NIR wa veleTlgth(e.g., SIl.VACA M
R
), ho w ev er, both
spectr o m et r and video ca m er aha veto operate nla n u ally
by rese archers. Thus m eas ure m eTLt interv al is largely
deperlded on the oper ated rssearchers a nd data is
n o n-c o ntin u otlSintim e. Validatio ndata fordete ctingthe
o nset and offs et of phe n ology is better for
ー 69 -
tim e-c o ntin uo
.
us r ather than fin 卓 spectral res olutio n
dataset with n o n-c o rltin u ollSintim e.
1n this article, w epropos ed a simple a nd che ap
syste m to m o nitor the s urfa cestatus uslng S e veral
radio m eters. Our objectiv es w ere asfollo ws:
1)･ Introduc ethe simple aridche apsyste m m o nitoringthe
s urfTac e status ofvegetaLtion.
2). To applythis syste mintotypic arla nd cov erinJapan
(grassla nd, c o niferforest[redpine forest],paddy, alld
bro ad-le af forest), w e che ckthe perfo rm anceofthis
system ･
3)I To c o n siderinter an n u alperfor m anc e ofthis m ethod,
w e che ck the avauabilities of th is syte m for
inter an n ualv ariatio ns ofv egeta王io n activities.
Syste m o v e r view and iJIStalled sitesdescriptio n
- Simpleprln Ciple ofthis system
lrl this syste m, a n albedo m etcr and tw o photo n
qu antu m se ns orsfor m eas ure m e nts of PAR
(Photosynthesis Active Radiaticln :400･700n m) used
(seeFig･ 1 a nd Fig. 2). ITIC Oming and o utgoing s olar
radiado n(appro xim ately 3 00-4000n m)c anbe divi ded
int oPA Rw av el ngth arldthe other w av elengths. In the
otherw a vele ngth, s olar radiatio nin the tlltraviolct w a v e
(400rlrn) abs orb by oz o n e, lo nger wa v eleJlgth side
(1 20 - n7n), e n e rgyits elf is very s m all, wi thse v er al
abs orptio n band by w ater v apor, Which co mpareto
ne ar-in丘.ar ed w av e(700･12 00n m)･ T hus, d･iffere n cein
radiatio n of s olar and of P A Rro ughly pr etends as
ne ar-irI丘ared w a vers r adiation , Equ atio n s c anbe
expre s s ed asfollow s:
pp^)～≡ F AR†/PA RJ
N IRJ≡ RsJ - PA RJ
N IR†芸 Rs† - PA R千
pw)R= N IR†/NIBJ
(1)
(2)
(3)
(4)
Fig. I Asrl aPShot ofa simple syste m fo r m o nito rlJlg
the stlrfa ce status at Ter resl:rial En viro nm ental
Res e ar ch Ce nteT, Univ e rsity ofT岳ⅦktLba, Japa n.
Right is tw o PA R seJIS Or S, C e nter is an
albedo m eter, Ierl is brigh trLeSSte mPe ratn re
'
5
radio mleter･, re spectiv e)y･ A datalogger box e 8 n
be see nfo rlo the data.
Fig･ 2 As n apshot of PA R s e ns o rsfo rthis syste m･ To
c alc ulate the rcfle cta n c e of visible aJld N I R,
both do w n w a rd a nd tlPW a rd m e 且S u red.
HerePreprese nts the renectance of e ach w av eL ngth
(visible, NIR), s ubscripts indic atethe e ach w av el ngth,
捌 R and NIRare radiatio nin P A Rand NI Rw a vel ngth
which deriv ed 舟o m FA Rs en sors and an albedo m eter,
respectively(W m
'ヱ
), Rb sho w sthe sho rt- w a y ¢ r adiatio n
deriv ed &o m an albedo m eter (W m
･2
), J and †
indicate do wnward a nd upw ard directio n ofradiatio n,
r espectiv ely･ Fro m Eq･ (1)-(4), w e ca n esthTlate e ach
renectan ceofvisible a nd N IR. We c an a一so c a一c ulatethe
Vegetatio nIndic es(VIs)s u ch asNor m ali2:Cd Differe n ce
Vesetdio nIndexOIDVl), Simple Ratio (S R)･ In this
study, w e e stim a壬e the Vis asindicatorsforthe su rface
status ofvegeta:tio nas follo w s:
N D VJ= 空竺二空竺 (5)
FW[R ＋ P'AR
SR = pN//～ppAR (6)
N D VIra nged 丘orn -Ito ＋l, whe n v egetatio r) activities
arehigh, N D V I is closeto 1, a nd S Rusllalyr anged 0to
10
,
whichin cre as ed with v egetatiorL activities. Sign als
斤o mP A Rse ns ors a ndthe albedorn et r c anbe stored irltO
m ulti-purposed.
datalogger(e･g･, C RI 0 byCa mpbell Sci･ ,
hc)e asily wi thother micr o m ete orol gic alc o mpo nerltS･
Thus, it■is■e asy to c orrLparethe seaso n al m arch ofthe
s ur魚c e 屯u x es a nd v egetation a ctivities via in situ
m e as ure m eTtt Vegetatio n lndic es･ A dv antage of this
simple syste m c anbe m e as ur ed the sta仙s ofvegetation
c o ntinu ou sly. This syste mis suitable for m o nitoringthe
daytodaycha nglngStatu s Ofv egetati.o n or s urfac e･
T able 1 Site desc riptioT]StO instal一 m e as u re m e nt
5ySte甘l
Site N am e La上 Lo ng. La nd Co ver
TE R Cl 36.1 N 1 40.1 E Grassla nd
TE R C 2 36.1 N 1 40,1 E RedP ine
Bi心apr ol 35.5 N 136.5 E Paddy
Biw apr o2 35.6 N 13 6.2 E Bro ad- Le af
- 70-
Forest
-Sitedes c ription sfo rvalidatingthis system
Table I sho w sthe site of instaledthe m o nitoring
s urfac e status system .
T印 .C l is a岳raSSland which consists of se veral
species of C3 plants and C 4 pla nts gr ass es･ This
grassla nd loc atesin Terrestria= 三n viro n m ental Res earch
ce nte r(T E R C), University ofT如kuba, Japa n. Hereis
als othe w ater a nd e nergy¢xperirne ntal Reldwith m ore
tha n 30 c o mpo ne nts of micro mete orol gLC al a nd
hydrologlC al in stru m e nts tha
lt hav e bee n m eas ur ed
ro utin ely(Toritani eL al., 1989) until19名21 In 1999,
preli min ary G Lobal lm agerexperim e nt atEn viro n･ Re s･
Center.(PGLIE RC)was c arried outas an oTleyear
'
sfield
campaign of r e m ote s e nsing(Higuchiet al･, 2000a)･
Fro mM ayin 199, w e st由1Bd th is m eas ure m e ntSyste m
atgrasla nd. T E R C 2 is r ed pine fわrest wherelo c ates an
s o uth side of experim entalfield(grassland)in T E R CI
Sa m e sytem als ohasbee n w orking until AtlguSt2000･
Biw apr ol is paddylocated the n orth east of L由 Biw a
by Lake Biw a Pr oje ct 即疲 akita, 2 000). Routin e
micr o m eteor ol gic al rn e as urem eint SySt¢m W as Started
July1998, a ndthis syst¢m added hto the ro utin esyste m
in May 2 000. Biw apro2 is br oad leaffor est Wher e
lo c ated the n orth side Of Lake Biw athat was als o
s up portedby Lake Biw aPr oject. Rolltin e m e ast m m e nt
to w erin≦他11ed in 199 8aJld added m o nitoringsyste min
April 2000･
_ Dete rmin ettle Stlrfa c efltIX e S at e achsite
Energybalan ce equatio n at theland stJrface c anbc
xpress asfollo w s:
Rn - H ･lE･ G ･
BQ/a(s)･Ah ･ P (7,
whete H and LEar e s e nsible and hte nt･he幻 fhxi RTlis
net radiatiorL, a is soil he at nu x, a nd aQ/ 6t!S)isthe
rate ofchan写C Ofen ergystor ageやsorn el町 er(inpaddy･
s o m elayer lS W aterbodyforizTlgatioTl)I Gen erally, the
ter m ofen ergyadve ctio n, Ah,
be assum ed n egligible. Valu e
eddy c orrらIation m ethod in
T E R C2 (pin e fore}st) with
follow s;
H - pCTpw
'
T
'
ofphotosynthesis, P, c a n
ofH ”(as ¢v alu aitedby an
T E R C l(訂aSSland). and
a so nic 町Ie m Om eter aS
(8)
ofthe s urfac 8伽 x esin 1 ho ur av er age at each land
C o v er.
Results a nd disctLS Sio n
･Se as o n alcb ngesi･n thespbctr Alrene cta h C e a nd
▼egetationindlc e鼻 孔t e a ch la nd c o v e r
I). T E R C l(Gra ssland)
Figure3 sho w sthe･seaso n a)changesin the s urface
albedo
,
spe ctral refle ctarlCe Of visible a nd NIR･
v egetatio nindic es, lE a nd” during daytime, arid lE/Qn
and WQn･ D ぬ a yeraged usiヮg 9:00
-15=00 JST, and
m .rethanRsdow n w ard y alu e lS rn Oretha n200 W /T71
ユ
.
Qnis defined as a v aihblc energy, Q炉 Rn
- G ･ Se as o nal
v aridioIIS Ofthe 5u rfac ealbedo 甲ndo 8Sindicator of the
surfac e status(e,g. , 印gtlChiel all, 200b), but asthese
valuesdiyidedir(to the sign als ofvisible a nd N [R&orr)
th is syste m, w e c o uldse e m oreinfor m atio n abo utland
s urface status, Fro mFig. 3(也), re伽 GtarlC e Of visible
decrpased rapidly &o m.90 Df[y Of Year(DOY)to 140
D O Y. Afterthis
,
the renectanc eof NTR in creas ed斤o m
120 DO Yto1 70D O Y.
0
.25
名 o.20
q〉
宅 o,1 5
芸 D･1 5
d )
≡I O･10
& o.o 5
5
0･BO
( ⊃
Z
o h o
∈
i
エ
UJ
where p is the de nsity ofthe air, Cpis the speci8c
he at of air, w is v ertic al wind compo n e nt, T is air
te mper atur ¢･ ov er
-barde n otesthe av eragng a nd prim e
the de viatio n丘･o Ttl the m e an. A丘er estim atio n of H, LE
w asdetermin ed byEq.(7)a:tT E RCland T E R C2･
AtBiw aprol and Biw apr o2,the stufhcefluxes w ere
estim ated by energyb ala n ce m ethod wi th Bo w en r atio,
a nd in Biw aprol(paddy), we hav eto c on sidertheter m
of S in Eq.(7)asfollow s:
s - 壁 - 竿 (Tw ･j - Tw , i - I)Cw (9,6t
wherら Diisthe depth belo wthe riceplantat the tim eE
'
,
7h7,l
･
is w atertemperature at the tim e E
'
..and Cw is th
e
specific he at of w ater･ We rec alculated the co mp
o ne nts
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Fig･ 3 Se aso n A[ variatio n s O= he s
u rfac e albedo(a),
印e CtraLr eh cta nce ofvisible a nd N IB(b)bythis
ErLethod, yegetatio mindices(c)by th is Dlethod,
the se n siMe(F)zLnd late nt(LE)heatflt[x(d), arLd
n . r m ali加 d v altLe Of the s urfa ce f]u x es(LE/Qn,
H IQn)(e) at T E R Cl(gr assla nd). Each v &]u e
is
daytim e a v e raged (9:00-1 5:00 JST with Rs
do w n w a rd v alⅦeis m o reth h 200 W /m
2
).
We c o ulds e ethe pe akofreflectan ce ofN IRin 170 BO Y,
斤o mthis v ariatio n ofvisible and N I R
,
v eg¢tation indices
in N D Vla ndSR als ohav e se aso n alvariatio ns, Thes e
v ariatio ns wer8 Si mi lar, but in the s u m m er, ilittle
differ en c e W asfo u ld in the v ariatio nsh N DVI andS R▲
Be cause of ro utin e m e asu re m ent syste m pr obLe m in
TER C l, s o 血 e m e aStJrem entlacks w ere fotmd in Fig.3
(a) and(e). Ho w e v erit c oul dse e斤o m Fig.3 that the
v alue s of Ha nd LE w ere si milarin w血 er(33 0D O Y
-90 DOY),thisperiodw as also the absenc eofgrass, 8氏er
``
o n s etofphe n ology(w ¢ c o uld de血 ethe day斤o mFig. 3
(ら)a nd(c)as9qDOY in th isyear)
”
,LEex c eeqd H(s ee
Fig. 3【d],〔e]), bec a us e ofactivites ofgrass(v 6getatioⅠl)
throughthepro c ess oftr an Spir abo ns･
ユ). T E R C2Pied.pineFo re st[Co nife岬 o r estD
FigLqe4show sthe seas onalchanges atT ER C2(red
pin eforest). 1t sho uldbe n otedthat x axesin Fig. 4(a)
and(ち)w早reditferetttA
.
o mtho se of Fig. 3.
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.
s¢as o nalv ariationinth¢ albedo w asfo u ndin Fig. 4(a),
butits amplitude w asquite S m all thangrasland(Fig. 3
[a]),Generaly, c o niferforest has s m allr8flectan ceirl
bothvisible 弧dNIR,in this study,it w as als ofo u nd in
Fig. 3(b). Bec atLS e
■
of srn allv alu esin r e8ectaDCe Of
visible andN IR, N D VIand SR varied widely, but there
w ere n otrepresent 血e stqfac estatusofredpine . As a
c on siderable reaso n ofthesephenom e n a, w e.
installedthe
P A Rr adio m eters)ust abo v ethe redpine ca n opy, thus a
丘eldofview w as to osm all andit c ouldbe cotlSidercd
thtthis system atr edpirLeforestdetectedthelo c a一effect
tvithin a丘eldofvie w ofe ach se ns or. W he ninsta】)this
syste minto co niferfor e鴫ithav eto getall en o ugh height
to see an o v ervie win c oniferforest.
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Fig. 5 Sc asoJ)al ya rihtio ns ofthe stJrfa cealbedo(a)'
spe ctr al renectaTLCe Of risible a LId N I R(b)by
this m ethod, yegetatio n indic es(c) by this
n ethod, the setLSible(F) a nd l 山e nt(LE) heat
Llu x(q), a nd the mte of cb rLge Of e n ergy
sto r&ge in ir rigated w ater(列and the s oilheat
ntIX(a)(e) atBiw aprol(paddy)･ Ea ctl V alu eis
d&ytim e av er aged (9:00-15:00JS T wit hRs
ー 72-
do w n w ard v alu eis m o retha n2 00W /m
2
).
3). Biw apro1(Paddy)
Figure5 sho w sthat s e as o n al cha nges at Biw aprol
(paddy). The s urface albedoindicatesthe 8tqhc est如 娼
cha nges伽)rnthe> w2Et6r bodyto ric ecan opy(Fig,5【a]),
but to see in Fig. 5(b), Tn Orein for m紙ion d)out the
cha ngingStatus Ofpaddy. Increasingthele afare adensity
of rice plallt, r 8ne Cta n Ce Of visible w asdocreas mg
(135･ 17 0 DO Y), otherwis e, in the r姐e ctan c ¢ ofN IR
w asincreasing 丘
･om the start ofthis sy如 m u ntil 200
D O Y･ Thisincre ase W as C OrreSPOrldedtothsincreas¢of
Le af Are aIndex(LAI), andto se e carefullyinFig. 5”) ,
w e c o uldB e thein cr8&Se Ofre瓜¢cta nce ofrisible in
August(213- e nd ofthis m e asnr6 m C nt).Thisperiod w as
als o c orr甲PO ndedto the change ofstage ofpaddy丘otn
gro wingstagetopost-growing(ricepla nthadc o m einto
e ar)･ Onlyinform ation of albedo (Fig. 5 [a】), su ch
surfac e c onditio n change c o uldn otbedete cted.
4)･ Biw apr o2Pro ad- Leaf Fo rest)
Figure6 sho w sthe se aso nal changes at the site of
8iw apr o2(Broad-L¢afForest), Fr o mFig.6(a), w e could
s 母ethehighalbedo valu esin winter, becaus e ofpres en ce
ofsn o w, espe cially丘
･
o m3 60DO Yin 2000to50 D O Y in
200l. W itho utplottingin Fig. 6(a), so m etim es values of
s urfhcc albedo w ere re ached 0.6, m aybe those days
c o v ered by s n o w. Correspo nding･to the high v alu es of
the s urfa ce albedoin winter
,
r ene cta A C e Ofvisible(Fig. 6
【b】)inw int¢r w as alsohigh･ Ho w ev 町, dqrhg6 0 D Oγ -
110 D O Y in 2001, the 皇tda卵 al bedo w eredo cre粥1n写
rapidly, thispeqiod m aybe c Drr甲pO nding to the stl血 ce
c o ndition changesB
･
o m s n o w c o y e rto the abse nc e of
sn o w
, 如 m Fig. 6O) , the refle cta nc e of vi 曲Ii)kepthigh.
We ･e xpe cted that th is obs er v atio n res ult sug gested the
effe ct ofthe sllape diffTere A Ceb tw 印n FA Rs e nsors and
albedorn et r
,
ra:th6r than the actual plle n O menOn. As
show nin Fig･ 2!thelightdetector Of P A Rs e ns oris 且at,
o n the otherhand, generally,.m o st of
alb8do meter a nd
pyr an o m eterhiv edo m e m ade by ghssfor
'
pr otcctingthe
dete ctorpart･ T he do m e血ape is bstt町 ね ぬ 醐 也e
cbaElging s olar elevatiもn and its radiatio n, 叩ditis easy
to re m o veth SEIO W O V er a ndo m ebyits elf. On the other
hand
, the 伽tshape is di斑c ult to re m o v eth sn o w and
m ore affectiv e agaln St dirt o nthe dete ctor. The site of
Biw apro2,lo cated o nthe m ost oftop ofm o untain, wi也
S n o w Co verin winter, thus, the ro ad to acc essthe
obser y atio n site w as clos ed in winter s eas orl. So, it w as
impossible to m aintain thein stru m e nts Of this site. Tb
dis cus stheiJlter an n ualv ariati()A ofthe surface c ondition
via this syste m, it should be n otic ethe data qu ality of
short- w a v e r aditio n cotnpo n etltS, e specially dow n ward
c o mpotle ntS be ca us e of the dirt or shi丘 of directio n of
each dete cl.o r.
Se a s o n al v ariatio nin y egetationindic es(Fig･ 6[c])
sho w ed a r
.
apidris早 uP in May2000(120-150DOY),
a鮎r this rlS e up, N D Vl kept relativ e一y stable v ale in
s um mer and a utu m n. Fr o mFig. 6(c), in thebro ad-le af
fTo rest
,
this rrLethod c andetectthe o nset of pho n ology
(open le a ves). T he s eas ollalm arch of the surfa cenu x es
(H. LE) c artbe sho w nin Fig. 6(d),(a), the seftu xes
d6rived 丘･o m bow e nratio method, n orrrL alized v alue,
a/Qn,hadminim u mpe aksintheb喝in ning ofAl鳩UBth1
2000(Fig. 6[o]). This peak is･di 飽rent丘
･
o r nthe rapid
in cro8S¢in y喝 ¢触ionindic es h May(Fig, 6[c]). aridthe
p¢akhrefkctan ce ofNI Rar o utld 150 D O Y in2OO O(Fig.
6”)I):
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Fig. 6 Se as oTIAI y & rhtio n s ofthe stJrfac e 81bedo(a),
SpectraJ r eAectanc e of yisible a nd N IR(b)by
th is method, y egetatio B indic es(c) by t his
m ethod, the se nsible(IT)aTld laterlt(lE)he at
f[tLX(d), a nd n o r m a)i之Cd v allle Ofthe surface
BtLX eS(1E/Qn, 氏/QJl) (e) at T E R C 2(red piT]e
fo rest). Ea ch v alu e is daytim e a ven ged
(9:00-15:00 JS TwithRs do w n w a rd y Alu e
.
is
m or etbJI200 W /Tn
2
). Itden otesthatx axes Jn
Fig. 6(b) w as sc aled bylog scale bec a use of
high rene cta n ce ofvisiblein wjnterT･
IJlte rC O mPa ris o n s of s e as o n al yariatio m ill
r efle cta n c e of visible a nd N m, a nd
ve苫etatio niJldic es at e a ch la nd c ov e r
Figure7 sho w s se asollal v ariatio nsin albedo,
r efkctan ce of visible and N IRand N D Vlat e a ch laEld
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c o ver. ThisfigLqe represe nts W ellthe characteristics of
Land co ver di触re nc esin the pointofview in y egetaLtio n
status. From Fig. 7(a), e v enif info m atio nofthe s urface
albedo
,
s u rfac e status candetectins o m elev el
, ho w e ver,
add this systeTT)into ro utine microm eteo rologic al
m easurerlent SySteJn･ m o r einfor m atio n co uld be galn･
Thisfigureals o s uggestedu sthatthis m ethodis us ehlin
agric ulturalfield, r athertha nfo rest. Ho w ev er, bothtwo
fore sts Site
,
w einstalled the tw oP A Rradio m eterju st
above the can opy of forest. Ifeno ugh height for
installing this syst¢m c o uldbe a v ailable, the res ults
w o uld b¢ changed.
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We ir[tr odu ced an simple a nd che叩 m ethod flOr
m D nitoringthe surfacestatus uslng a n albedo m ete r a nd
tw o PA Rradio m eters･ T his syste m
'
s adv a ntage are,
血stly, c a n m o nitor co nthu o usly]ntim e, a tldre]ativ eJyit
is Bee of m aintain ofthis system . Ro utine m aintal
t
nis
cle an up the detector ofe ach radio m eters･ Co mpareto
otherin situ opticalrem ote sensors ne eds rn Ore SPe nding
tim e･ Se c ondly, this syste m c an easily added into other
micr o m ete orol glC al m e asu renlentSyStern With sa v ethe
budget. T he pn c es of m ost ofP A Rradio m eters are
che apertha n the otherinstru m e nts･ We hope that this
syste m w o uldbec o meto popularin micro m et8 Or OloglCal
m e as ure me叫 a nd v alidatio n sites e xpanded aLIo v erthe
c ontin er(tS withthis syste m s.
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htLd c o ye r whe rethis m ethod ap plied.
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地上設置型植生 モ ニ タリ ン グシス テム を用 いた
日本での 代表的な土地被覆で の植生指標の季節変化
- P G LI E R C
, 琵琶湖プロ ジ ェ ク トの成果か ら -
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名古屋大学助手 地球水循環研究セ ン タ ー (〒464-860 1名古屋市千種区不老町)
筑波大学辞師 筑波大学農林工学系 (〒3 05･85 72つ くば市天王台1･1･l)
千葉大学助教授 環境リ モ ー トセ ン シ ン グ研究セ ン タ ー (〒2 63･852 2千葉市稲毛区弥生町)
京都大学助手 防災研究所水資源研究セ ンタ ー (〒611･00 11京都府宇治市五 ヶ庄)
愛媛大学助教授 農学部生物資源科 (〒79 0-$566 愛媛鼎松島市禅味3-5･7)
筑波大学大学院生 地球科学研究科 (〒30 5-85 77つくば市天王台I-I-1 陸域環境研究センタ ー )
京都大学助教授 工学研究科環境地球工学専攻 (〒6 06･850 1京都市左京区吉田本町)
本研 究では 光学セ ン サ ー 搭載衛星デ ー タ の 検証及び地表面フ ラ ッ ク ス との 対応 関係
を調 べ るため に簡易式 の 地上設置型植生 モ ニ タリン グシ ス テ ム を日本 を代表する 土
地被覆上 (草地, 水 田, アカ マ ツ 札 落葉広葉樹) に設置 し, それぞれの 土地被覆か
ら得られ る植生指標 の 季節変化に つ い て示 した . その 終息 以下の 知見が得 られ た ;
1 . 草原系 (草地 ･ 水 田) では 各植生 の 季節変化特性を良好に モ ニ タ ー する こ とが 可
能で ある , 2 . 森林系 (ア カ マ ツ林 ･ 落葉広葉樹) で はセ ンサ ー とキ ャ ノ ピ ー の 距離
が 近す ぎるため, 思うような結果を得る こ とが出来なか っ た. 3 . ただ し全般として
は各土地被覆特性を示 す連続したデ ー タを取得する ことができ, シ ス テ ム の 妥当性 を
示 す ことがで きた.
キ ー ワ ー ド: 地上設置型植生モ ニ タリン グシ ス テム , 植生指標, PG LI E R C, 琵琶湖
プ ロ ジ ェ ク ト
(20 0 1年1 2月 20日 受理)
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